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(57) Abstract 

Angiostatic steroids for use in controlling 
neovascularization and ocular hypertension are 
disclosed Pharmaceutical compositions of the an- 
giostatic steroids and methods for their use in 
treating neovascularization and ocular hyperten- 
sion, including controlling the ocular hyperten- 
sion associated with primary open angle glauco- 
ma, are disclosed. In addition, the combination of 
the compounds with glucocorticoids for the pre- 
vention of elevated intraocular pressure during 
the treatment of inflammation is disclosed. 
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parfr grnund »h» invention 
MfTI fif invention 

This invention relates to angiostatic steroids for controlling ocular 
hypertension. The compounds are also useful in preventing and treating 
hypertenston. Soec1fica1ly , the invention is directed to new 

neovascularization. specincai iy, ann in«tatic 
angiostatic steroids, pharmaceutical compositions comprising th angiostat c 
terolds, and methods of treatment which comprise >d.,mster1ng the e 
Z> It ons to treat ocuUr hypertension, including controlling , o 
Jertension associated with primary open angle glaucoma an to a 
neovascularization. In addition, the compounds can be used ,n comb nation 
" glucocorticoids to treat ocular inflation without the significant 
Cellar pressure rise co^only associated with the use of glucocorticoids. 

P^™ir*i nn of Related Art 

Steroids functioning to Inhibit angiogenesis 1n the presence of heparin 
„r specific heparin fragments are disclosed 1n Crum, et al A to CI s of 
S erofds Inhibits biogenesis In the Presence of Heparin or a Hep no 
Z t. Science, ,.1.230, PP..37S-1378 (December 20, .«.) e au hors 
refer to such steroids as "angiostatic" steroids. Included with n the new 
U of steroids found to he angiostatic are the dihydro and tetrahyd™ 
labolltes of Cortisol and cortexolone. In a follow-up study directed t 
Te n] a hypothesis as to the mechanism by which the steroids ,nh, tat 
angiogenesis^ it was shown that heparln/angiostatic steroid compositions cause 

on of the basement membrane scaffolding to which 
endothelia are attached resulting 1n capillary Involution; see, Ingber et 
T a Z'sM. danism for Inhibition of biogenesis by ng.ostatic 
Steroids: Induction of Capillary 8asement Membrane Dilution, Endocrinology 
Vol. 119, pp.1768-1775 1986). 

A group of tetrahydro steroids useful in inhibiting angiogenesis Is 
disclosed in international Patent Application Ho. PCT/US86/02189, Anstoff, 
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et al.. (The Upjohn Company). The compounds are disclosed for use in treating 
la^traL, spinal trauma, septic or traumatic shoe,, «^ 
shock, in addition, the patent application discusses the utility o these 
ompounds in embryo implantation and in the treatment of 
arteriosclerosis. Some of the steroids disclosed in Aristoff et al. are 
disclosed in U.S. Patent No. 4,771,042 in combination with heparin or a 
heparin fragment for inhibiting angiogenesis in a warm blooded animal. 

Compositions of hydrocortisone, "tetrahydrocortisol-S," ^-72,7456, 
each in combination with a beta cyclodextrin, have been sh own , tc . inhibit 
corneal neovascularization: Li, et al., Angfostatic Steroids Potently 
Sulphate* Cyclodextrin Inhibit Corneal Neovascularization, Investigative 
0 lalmology and Visual Science, Vol. 32, No. 11, pp. 2898-2905 (October 
1991) The steroids alone reduce neovascularization somewhat but are not 
effective alone in effecting regression of neovascularization. 

•Tetrahydrocortisol (THF) has been disclosed for its use in lowering the 
intraocular pressure (IOP) of rabbits made hypertensive with dexamethasone 
alone, or with dexamethasone/5-beta-dihydrocortisol ; see Southren, et al , 
Intraocular Hypotensive Effect of a Topically Applied Cortisol Metabolite: 3- 
alpha, 5-beta-tetrahydrocortisol, Investigative Ophthalmology and Visual 
Science, Vol.28 (May, 1987). The authors suggest THF may be useful as an 
antiglaucoma agent. In U.S. Patent No. 4,863,912, issued to Southren et .1 
on September 5, 1989, pharmaceutical compositions containing THF and a method 
for using these compositions to control intraocular pressure are disclosed. 
THF has been disclosed as an angiostatic steroid in Folkman, et al.. 
Anastatic Steroids, Ann. Surg., Vol.206, No.3 (1987) wherein It is suggested 
angiostatic steroids may have potential use for diseases dominated by abnormal 
neovascularization, including diabetic retinopathy, neovascular glaucoma and 
retrolental fibroplasia. 

Many compounds classified as glucocorticoids, such as dexamethasone and 
prednisolone, are very effective in the treatment of inflammed tissues; 
however, when these compounds are topically applied to the eye to treat ocular 
inflammation, certain patients experience elevated intraocular pressure. 
Patients who experience these elevations when treated with glucocorticoids are 
generally referred to as "steroid responders." These pressure elevations are 
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of particular concern to patients who already suffer from elevated intraocular 
pressures, such as glaucoma patients. In addition, there is always a risk 
that the use of glucocorticoids in patients having normal intraocular 
pressures will cause pressure rises great enough to damage ocular tissues. 
Since glucocorticoid therapy is frequently long term (i.e., several days or 
more), there is potential for significant damage to ocular tissue as a result 
of prolonged elevations in intraocular pressure attributable to that therapy. 



The following articles may be referenced for further background 
information concerning the well -recognized association between ophthalmic 
glucocorticoid therapy and elevations in intraocular pressure: 

Kitazawa, Increased Intraocular Pressure Induced by 
Corticosteroids, Am. J. Ophthal., Vol.82 pp. 492-493 (1976); 

Cantrill, et al., Comparison of In Vitro Potency of 
Corticosteroids with Ability to Raise Intraocular Pressure, 
Am. J. Ophthal., Vol.79 pp. 1012-1016 (1975); and 

Mindel, et al., Comparative Ocular Pressure Elevation by 
Hedrysone, Fluorometholone, and Dexamethasone 
Phosphate, Arch. Ophthal., Vol.98 pp. 1577-1578 (1980). 

Commonly assigned U.S. Application Serial No. 07/399,351 discloses the 
use of the angiostatic steroid tetrahydrocortexolone in combination with a 
glucocorticoid to treat ocular inflammation without the intraocular pressure 
elevating effect commonly associated with topical administration of 
glucocorticoids. In addition, commonly assigned International Application No. 
PCT/US90/04071 discloses the angiostatic steroids of Aristoff, et al. in 
combination with glucocorticoids to treat ocular inflammation without 
significant increase in intraocular pressure. 
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■frrrv " f tti imantlan 

This Mtl> 1= erected to anglostttlc steroids end methods of using 

ch„^if stroke, hemorrhagic shock, cancer, 
traumatic shock, stroke n formations, corneal graft 

compositions disclosed herein. 

The present invention also includes the use of the angiostatic steroids 

2 ST-"""— glucocorticoids without producing s,gn,f,c,nt 
elevations in intraocular pressure. 

p r ^f nescr jpti^n Bf t- hA Prawinq 

Eiaug l compares the ability of angiostatic steriods to inhibit 
neovascularization in the rabbit cornea. 

BgtaiTjjd n PSC rintinn of Preferred BPfeadiBiDtS 

The development of blood vessels for the purpose of sustaining viable 
tissue is known as angiogenesis or neovascularization. Agents which In * 
. bnnum hv a variety of terms such as angiostatic, 

neovascularization are known by a variety SDecif ication the 

angiolytic or angiotropic agents. For purposes of this specification, 
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term "angiostatic agent" means compounds which can be used to control, 
prevent, or inhibit angiogenesis. 

The angiostatic agents of the present invention are steroids or steroid 
metabolites. For purposes herein, the term "angiostatic steroids" means 
steroids and steroid metabolites which inhibit angiogenesis. 

There is currently no effective method for controlling the 
neovascularization in angiogenesis-dependent diseases. In particular, 
ocular neovascularization has not been successfully treated 1n the past. 
Neovascularization of tissues 1n the front of the eye (i.e. the cornea, 
iris, and the trabecular meshwork) and other conditions, including 
conditions in the back of the eye, for example, retinal, subretinal, 
macular, and optical nerve head neovascularization, can be prevented and 
treated by administration of the steroids of this invention. The 
angiostatic steroids of the present invention are useful in preventing and 
treating neovascularization, including providing for the regression of 
neovascul arization. 

The angiostatic steroids can also be used for the control of ocular 
hypertension. In particular, the agents can be used for the treatment of 
primary open angle glaucoma. 

The angiostatic steroids of the present invention have the following 
formula: 




Structure [A] Structure^] 
SUBSTITUTE SHEET 
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wherein R t Is H, /KH 3 or 0-C 2 H 5 ; 

R isF, C 0 -C n double bond, C 9 -C u epoxy, HorCl, 

R 2 s H OR OC^R,,, halogen, C 9 -C n double bond, C 9 -C u epoxy, =0, -OH, 0 

J • a ii™ur-C1 alkoxy(C,-C,), thioalkoxy-(C r C 3 ), C1 3 C-, h 3 u , w 2 «• 

bromine, alkyU^-C,), alkoxy* t r ^ be ^ 

-NHC0CH, and R Is hydrogen, alkyl (C r C 4 ), or pneny. 

same or different, and R 7 is ARYL as herein defined, or al kyl (C r C 12 ) , 

R, is H, CH 3 , CI or F; 

R 5 is H, OH, F, CI, Br, CH 3 , phenyl, vinyl or allyl; 

iV£SL H * 0H ' CH " F ' =c " 2 ' CH2CC=0)0R28 '' 

^^°S2K2S CN, N 3 , 0R 26 , OC (= 0)R 27 , H, OH, CH 3 or R 10 forms 
a'second bond between positions C-16 and C-17; 
p i S H or forms a double bond with R x or R 14 ; 

2 to 6; 

r 14 is H or forms a double bond with R 12 ; 
R 15 is H, =0 or -OH; 

and R 23 with R l0 forms a cyclic phosphate; 
u,ho™*n R and R have the meaning defined above; 

t Is an htwr from 2 to 6; and R u 1s -Y-(CH I )„-X-(CH 2 ).-S0 3 H, 
-Y'-W.-X'-tCHjJ^NR^R,, or -Z(Cll,> r Q, 

wherein Y is a bond or -0-, V 1s a bond, -0-, or -S-; aach of X and X 1s a 
taT MfR )- -H0UC0-, -0-, -S-, -SCO)-, or -SOW-; R la Is hydrogen or 
acb of R, 5 and R„ Is a lower .1*1 group of ft. 1 to 4 carbon 
« ^,o a, " sobstltotad wi'th one hydroxy! or R„ and R, ; taben t.,et er 
2? the nitrogen at™ to which each Is attached foms a .onoc,cl,c 
re r.cycla selectedfro.pyrr.l1dm., plperldmo, choline, tbl-.rpboHno, 
« no .r N( ,owar,al*1-p1par» Z ino wherein ,1*1 has fro. 1 t, ,4 carbon 
JLl n is an Integer of from 4 to 9; . is an integer of from 1 to 5, p u 
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an integer of from 2 to 9; q is an integer of from 1 to 5; 

Z is a bond or -0-; r is an integer of from 2 to 9; and Q is one of the 

f0ll0W m -R 19 -CH 2 C00H wherein R 19 is -S-, -S(0)-, -S(0) r , -S0 2 N(R 20 )-, or 
N(R )S0-; and R 20 is hydrogen or lower alkyl-(C r C 4 ); with the proviso that 
S nlber of carbon atoms in R 20 and (CH 2 ) r is not greater than 10; or 

(2) -C0-C00H; or 

(3) CON(R 21 )CH(R 22 )COOH wherein R 21 is H and R 22 is H, CH 3 , -CH,C00H, 



2 

CH 2 CH 2 C00H, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 
-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 
or R 21 is CH 3 and R 22 is H; 
or R„ and R„ taken together are -CH 2 CH 2 CH 2 -; 

or VJioyCOM "ken together I. -NHCH.CONHCK.COOH; and 

pharmaceutical^ acceptable salts thereof; 

with the proviso that except for the compound wherein R, is /)-CH 3 , R, and Kj 
taken together form a double bond between positions 9 and 11, R 4 and R, are 
hydrogen, ht and R„ taken together fom a double bond between positions 4 and 
5, R 5 1s .-F, Rg is o-CH 3 , R„ 1s «-0H, R u and R ls are -0 and *,"-»(•- 
(OH)], R, a is -0 only when R^ with R„ fonns the above descried cyclnc 
phosphate. 

r » C, C,-C 2 double bond, 0; 

R = C(R 15 )CH 2 -R 23 , OH, OR 26 , OC(=0)R 27 , R 26 , COOH, C(=0)0R 26 , 
" CH0HCH 2 0H, CHOHCH 2 OR 2B , CHOHCH 2 OC(=0)R 27 , CH 2 CH 2 0H, 
CH 2 CH 2 0R 26 , CH 2 CH 2 OC(=0)R 27 , CH 2 CN, CH 2 N 3 , CH 2 NH 2 , 
CH 2 NHR 26 , CH 2 N(R 26 ) 2 , CH 2 0H, CH 2 0R 26 , CH 2 0(C-0)R 27 , CH 2 0(P=0) (0H) 2 , 
CH,0(P=0) (0R 26 ) 2 , CH 2 SH, CH 2 S-R 26 , CH 2 SC(-0)R 27 , 

CH NC(=0)R 27 , C(=0)CHR 28 0H, C(=0)CHR 28 0R 26 , C(=0)CHR 28 0C(=0)R 27 or R 10 
and R 25 taken together may be =C(R 28 ) 2 , that is, an optionally 
alkyl substituted methylene group; 
wherein R, K = C r C 6 (alkyl, branched alkyl, cycloalkyl, haloalkyl, aralkyl, 

aryl); C »» ' H « C1 " C6 (a,ky1 ' C ^° iWh 

Excepted from the compounds of Structure [A] are the compounds wherein R, is 
0-CH 3 or >C 2 H 5 ; 

K Is H,°=o a -OH, -O-alkyKC^), -OC(-0)alkyl(C r C 12 ), -0C(«0)ARYL 
0C(=0)N(R) 2 or «-OC(=0)0R 7 , wherein ARYL is furyl, thienyl, pyrrolyl, or 
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15? IS, I. optionally substituted with 1 to 3 groups select 
pnenyi rmy a iir W irr-c. alkoxy(C,-C,), thioalkoxy-tC^), 

chlorine, fluorine, bromine, alkyl (C r C 3 ), alKOxy^ ,#, i 
CI C- FC- -NH, and -NHC0CH 3 and R is hydrogen, alkyl (C r C 4 ), or phenyl ana 
each R can be the same or different, and R 7 is ARYL as herein defined, or 
alkyl (q-Cu); 

Lrein R, and R 3 taken together are oxygen (-0-) bridging positions C-9 and 
Ml, and R 3 taken together for. a double bond between positions C-9 and 
c-il; 

or R 2 is «-F and R 3 is 0-OH; 
or R 2 is «-Cl and R 3 is ,8-Cl; 
and R 4 is H, CH 3 , CI or F; 

R 5 is H, OH, F, CI, Br, CH 3 , phenyl, vinyl or allyl; 
R 6 is H or CH 3 ; 

? Vi «. 0, o'rltL a second bond between positions C-X. and C.7, 
from 2 to 6.; 

r 14 is H or forms a double bond with R 1Z ; 
R l5 is =0 or -OH; 

and R2 3 with R 10 forms a cyclic phosphate; 
wherein R, and R„ have the meaning defined above; 

T££ «. is "OH, -OPt0,-(0H, 2 , or -O.C,.0)-,CH !)t COOH where, 

t is an integer from 2 to 6, and R u is -Y-(CH 2 )„-X-(CH 2 ) -S0 3 H, 
yz ,,„ , .,., CH , -noo, or -Z(Ciy r Q.. "herein Y is a bond or -0-i Y is a 
bid ^, or S^eaoh^'x and X- is'a bond,-CON,R lt ,-, -N(R u )C0, -0- -S- 
s m or . S (o )-i R„ is hydrogen or alkyl (C 3 -C 3 ); each of R 16 and. R 17 is 
I *i group of from 1 to 4 carbon ato«s optionally substituted with 
one hydroxyl or R„ and R 17 taken together with the nitrogen atom to which each 
attached JL a monocyclic heterocycle selected from pyrrolidine 
,peridin., m rph.lino,th,o n .rpholin.,piper.zino.r»(lowar)al^ -Pipera i « 

h rein alkyl has fro. 1 to 4 carbon atoms; n is an integer . from « . 
. is an integer of fro. I to 5; p is an integer of from l to 9, , is an 
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integer of from 1 to 5; 

Z is a bond or -0-; r is an integer of from 2 to 9; and Q is one of the 
following: 

(1) -R 19 -CH 2 C00H wherein R 19 is -S-, -S(0)-, -S(0) 2 -, -S0 2 N(R 20 )-, or 
N(R 20 )S0 2 -f and R 20 is hydrogen or lower alkyl-(C r C 4 ) ; with the proviso that 
the total number of carbon atoms in R 20 and (CH 2 ) r is not greater than 10; or 

(2) -C0-C00H; or 

(3) C0N(R 21 )CH(R 22 )C00H wherein R 21 is H and R 22 is H, CH 3 , -CH 2 C00H, - 
CH 2 CH 2 COOH, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 

-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 

or R 21 is CH 3 and R 22 is H; 

or R 21 and R 22 taken together are -CH 2 CH 2 CH 2 -; 

or -N(R 21 )CH(R 22 )C00H taken together is -NHCH 2 C0NHCH 2 C00H; and 

pharmaceutically acceptable salts thereof; 

with the proviso that except for the compound wherein R x is 0-CH 3 , R 2 and R 3 
taken together form a double bond between positions 9 and 11, R 4 and R 6 are 
hydrogen, R lz and R 14 taken together form a double bond between positions 4 and 
5, R 5 is «-F, R 9 is 0-CH 3 , R 10 is «-0H, R 13 and R 15 are -0 and R 23 is -0P(0)- 
(0H) 2 , R 13 is =0 only when R 23 with R 10 forms the above described cyclic 
phosphate. 

Unless specified otherwise, all substituent groups attached to the 
cyclopentanophenanthrene moiety of Structures [A] and [B] may be in either the 
alpha or beta position. Additionally, the above structures include all 
pharmaceutically acceptable salts of the angiostatic steroids. 
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Preferred angiostatlc steroids for the treatment of ocular 
neovascuur d - ocuUr ,nfla».t.o» are: 



„uOH 





(""OH 



21-METHYL-50-PREGNAN-3<x, 110,17*, 
21-TETR0L-20-0NE 21 -METHYL ETHER 



3fl-AZID0-5fl-PREGNAN- 

110, 17«, 21-TRI0L-20-0ME-21-ACETATE 




;""oh 



30-ACETAMIDO-50- 
PRE6NAN-11/S,17«, 21-TRIOL- 
20-0NE-21-ACETATE 




20-(4-FLU0ROPHENYL)THIO-21-N0R- 
50-PREGNAN-3*,17«-DIOL 




50-PREGNAN-110,17«,21-TRIOL-2O-ONE 
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c6» 



N=N*=N 
OH 



HO * 



20-AZIDO-21-NOR-5/J-PREGNAN-3a, 
17«-DI0L 




2O-(CARBETHOXYMETHYL)THIO-21-NOR-50- 
PREGNAN-3<t,17«-DI0L 




2O-ACETAMIDO-21-NOR-50-PREGNAN-3«, 
17«-DI0L-3-ACETATE 




16 - (2-HYDR0XYETHYL) -17/J-METHYL- 
5/}-ANOROSTAN-3«,17«-DIOL 



..uiOH 



N 



HO 



2O-CYANO-21-NOR-50-PREGNAN-3<x,17«- 
DIOL 
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OH 




17ee-METHYL- 5 j3- ANDROSTAN - 
3«,17^-DI0L 




21-NOR-5/J-PRESNAN-3«,17«,20-TRIOL 




21-N0R-5^-PREGNAN-17*,20-DI0L- 
3 -ACETATE 
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4,9(ll)-PREGNADIEN-17«,21-DI0L-3,20- 
DI0NE-21-ACETATE 



4,9(ll)-PREGNADIEN-17a,Zl- 
OIOL-3.20-DIONE 




11-EPIC0RTIS0L 



17«-HYDR0XYPR0GESTER0NE 



HO 




HO* 




TETRAHYDR0C0RTEX0L0NE (THS) 



TETRAHYDR0C0RTIS0L (THF) 
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yv 

o o 



\ 




21-NOR-5«-PREGNAM-3oc, 17«, 20-TRI0L- 
3-PH0SPHATE 




niOH 



21-NOR-50-PREGN-17(2O)-EN-3a,16-DIOL 




21 -N0R-5ec-PREGNAN-3«, 17 P , 20-TRIOL 




2I-NOR-50-PREGNAN-3*, 170, 20-TRIOL 




4-ANDROSTEN-3-ONE-170-CARBOXYLIC 
ACID 





17«-ETHYNYL-5(lO)-ESTREN-170-OL-3-ONE 



17«-ETHYNYL-1 ,3,5(10) -ESTRATRIEN- 
3,170-DIOL 
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Most preferred compounds for preventing and treating neovascularization 

are: 

4,9(ll)-Pregnadien-17oc,21-dio!-3,20-dione-21-acetate 

21-Nor-5/3-pregn-17(20)-en-3«, 16-dlol - 3-acetate- 16 - (0- 
methyl )mal onate 

4,9(11) -Pregnadien-17«,21-diol -3, 20-dione 

21-Nor-50-pregnan-3oc,17a,2O-triol -3-acetate 

21-Nor-5«-pregnan-3«x, 17«x,20-triol -3-phosphate 

The angiostatic steroids of the present invention are useful in 
inhibiting neovascularization and can be used in treating the 
neovascularization associated with: head trauma, spinal trauma, systemic or 
traumatic shock, stroke, hemorrhagic shock, cancer, arthritis, 
arteriosclerosis, angiofibroma, arteriovenous malformations, corneal graft 
neovascularization, delayed wound healing, diabetic retinopathy, granulations, 
burns, hemangioma, hemophilic joints, hypertrophic scars, neovascular 
glaucoma, nonunion fractures, Osier-Weber Syndrome, psoriasis, pyogenic 
granuloma, retrolental fibroplasia, pterigium, scleroderma, trachoma, vascular 
adhesions, and solid tumor growth. 

In particular, the angiostatic steroids are useful in preventing and 
treating any ocular neovascularization, including, but not limited to: 
retinal diseases (diabetic retinopathy, chronic glaucoma, retinal detachment, 
sickle cell retinopathy, senile macular degeneration due to subretinal 
neovascularization); rubeosis iritis; inflammatory diseases; chronic uveitis; 
neoplasms (retinoblastoma, pseudoglioma); Fuchs' heterochromic iridocyclitis; 
neovascular glaucoma; corneal neovascularization (inflammatory, 
transplantation, developmental hypoplasia of the iris); neovascularization 
resulting following a combined vitrectomy and lensectomy; vascular diseases 
(retinal ischemia, choroidal vascular insufficiency, choroidal thrombosis, 
carotid artery ischemia); pterigium; neovascularization of the optic nerve; 
and neovascularization due to penetration of the eye or contusive ocular 
injury. 



PCT/US92/1Q133 

WO 93/10141 



16 



The initiation of new blood vessel formation may arise quite differently 
II or as a result of different diseases. Many substances have 
invarioustissuesorasaresuiior e „ llnn9B pt al Angiogenic 

been found to induce neovascularization, see, Folkraan, et al., A ^°9 
been rouna However, it is believed, 

Factors, Science, Volume 235, pp. w •»/ v # 

- °°« -sr. r r^r:^ n ss, ,, «^r«- 

Laboratory Investigation, Volume 55, No. 5, pp. 505-509 (1986). 

Thara are a variety of theories regarding the mechanise of action of 
analog stllds for exa„le, aoglostatlc steroid Induced Inhibition . 
Zl ZZ. m occur due to, dissection of the capillar, — 
membrane. l.ber - ■ * ,nh = o -lar^ cell 

cell Biology international .ports 

:t% »o. y 12 , pp. .03,10* 

^ !tf = Steads, The Journal of Biological Chemistry, Vol. 264, No. 30, 
Ttm miS (0c ober 25, 1990); inhibition of vascular cell collagen 
pp. 18123 181Z9 iuc angiogenic Action of Heparin Plus 

ri l.allant.ic «embrane System, The u.uma1 of 
^rimanta, Therapeutics, Vol. 251, No. 2, PP. ^^Sl Z 
of vascular endothelial cell pl.sm1n.gen activator activity, Ashino-Fuse, et 
» re geste ro ne Aetata, * «i-C.ncer and Angiogenic Star.* 
mZZ the n^W in ..vine MrtMf.1 ML, «■ 

Cancer, 44, PP- 85g-864 (1989). 

There are .any theeries associated with the cause of neovascularization, 
and there may be different inducers depending on the disease or .surgery 
olveT B^tra, /fcovasdogenic mnm of . **» actors, 

r^nt e«c tt-oattractants, ^erican Oournal of 0phth.l~l.gy, Volume «. 
No 4 pp 455-461, (October. 1978). Regerdless of the cuso or the 
socUted' d,se. S e or surgery, it is believed th.t .ngi.st.tic .gents wor y 
inhibiting on. or more steps In the process of neovascularization Therefore, 
^ ig o tatlc steroids of this Invention .re useful In the treatment and 
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prevention of neovascularization associated with a variety of diseases and 
surgical complications. 

The angiostatic steroids of the present invention may be incorporated 
in various formulations for delivery. The type of formulation (topical or 
systemic) will depend on the site of disease and its severity. For 
administration to the eye, topical formulations can be used and can include 
ophthalmologicallyacceptablepreservatives, surfactants, viscosity enhancers, 

buffers, sodium chloride, and water to form aqueous sterile ophthalmic 
solutions and suspensions. In order to prepare sterile ophthalmic ointment 
formulations, an angiostatic steroid is combined with a preservative in an 
appropriate vehicle, such as mineral oil , liquid lanolin, or white petrolatum. 
Sterile ophthalmic gel formulations comprising the angiostatic steroids of the . 
present invention can be prepared by suspending an angiostatic steroid in a 
hydrophilic base prepared from a combination of, for example, Carbopol® (a 
carboxy vinyl polymer available from the BF Goodrich Company) according to 
published formulations for analogous ophthalmic preparations. Preservatives 
and antimicrobial agents may also be incorporated in such gel formulations. 
Systemic formulations for treating ocular neovascularization can also be used, 
for example, orally ingested tablets and formulations for intraocular and 
periocular injection. 

The specific type of formulation selected will depend on various 
factors, such as the angiostatic steroid or its salt being used, the dosage 
frequency, and the location of the neovascularization being treated. Topical 
ophthalmic aqueous solutions, suspensions, ointments, and gels are the 
preferred dosage forms for the treatment of neovascularization in the front 
of the eye (the cornea, iris, trabecular meshwork); or neovascularization of 
the back of the eye if the angiostatic agent can be formulated such that it 
can be delivered topically and the agent is able to penetrate the tissues in 
the front of the eye. The angiostatic steroid will normally be contained in 
these formulations in an amount from about 0.01 to about 10.0 weight/percent. 
Preferable concentrations range from about 0.1 to about 5.0 weight/percent. 
Thus, for topical administration, these formulations are delivered to the 
surface of the eye one to six times a day, depending on the routine discretion 
of the skilled clinician. Systemic administration, for example, in the form 
of tablets is useful for the treatment of neovascularization particularly of 



PCT/US92/10133 

WO 93/10141 

18 

* ovam niP the retina. Tablets containing 10-1000 mg 
the back of th. eye for «<^e. ^ "tin ^ ^ ^ 

of angiostatic agent can be taieen 
discretion of the skilled clinician. 

The preferred compounds for controlling ocular hypertension are: 21- 
Nor M^SX^itrlol ; 5,-pregnan-H,,, 17«, 21-triol-20-one; 4 (1- 
Nor-5/, pregnan s ,i , 20 . dione -21-acetate, and 4,9(ll)-Pregnadien-17«,21- 

diol-3,20-dione-21-acetate. 

S * "--oo stimul.ti. - .^.n of 

—ft— 

healthy trabecular meshwork and is a symptom associated with primary open 
healthy traoecu understood why this amorphous 

ST-— rr^rv^ 

elcellular material 1s generally closed of ,1 ^ £ 
basement membrane material; see, OpMbalmology, Vol.90, No.7 (July 983) Bay 
nTlroc Vol 61, pp.59-67 (Jan.1986); aod Hint. /Veorosc. Vol.12, PP-240 

e u hJr, oo™ally preseot in the anterior chamber of the je n 
Have this chamber through its normal route (the trabecular meshwork at t 
leave this cn of ous nm , r is produced by the 

lye Z introduced into the enter ior chamber but its 
« t ttJoush the trabecular meshwork is abnormally slow. Th,s res Its » a 
bunduHf pressure in the eye, ocular hypertension, which can translate nt 
pressure on the eptic nerve. The ocular hypertension so generated can lead 
to blindness due to damage to the optic nerve. 

Manv methods for treating primary open angle glaucoma and ocular 
hypers ontncentrate on blocking production of agueous hua»r by t h e e^ 
nyper □ hlltnnr is the fundamental source of nourishment for the 
SVT^Tt «Ur,y * cornea and lens which are not sustained 
by blood LppI Verefore, it is not desirable to deprive these tissues of 
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the necessary irrigation and nutrition provided by the aqueous humor. It is 
desirable to strive for normal exit of the aqueous humor by maintaining the 
normal integrity of the trabecular meshwork. This is accomplished according 
to the present invention by the administration of angiostatic steroids. 

It is believed that the angiostatic steroids disclosed herein function 
in the trabecular meshwork in a similar manner as shown by Ingber, et al., 
wherein it was shown that angiostatic steroids caused dissolution of the 
basement membrane scaffolding using a chick embryo neovascularization model; 
Endocrinology, 119, pp. 1768-1775 (1986). It is believed that the angiostatic 
steroids of the present invention prevent the accumulation, or promote the 
dissolution of, amorphous extracellular materials in the trabecular meshwork 
by inhibiting the formation of basement membrane materials and 
glycosaminoglycans. Thus, by preventing the development of these materials or 
promoting their dissolution, the normal integrity of the trabecular meshwork 
is retained and aqueous humor may flow through the trabecular meshwork at 
normal rates. As a result, the intraocular pressure of the eye is controlled. 

The angiostatic steroids of the present invention may be incorporated 
in various formulations for delivery to the eye to control ocular 
hypertension. For example, topical formulations can be used and can include 
ophthalmol ogically acceptable preservatives, surfactants, viscosity enhancers, 
buffers, sodium chloride and water to form aqueous sterile ophthalmic 
solutions and suspensions. In order to prepare sterile ophthalmic ointment 
formulations, an angiostatic steroid is combined with a preservative in an 
appropriate vehicle, such as mineral oil, liquid lanolin or white petrolatum. 
Sterile ophthalmic gel formulations comprising the angiostatic steroids of the 
present invention can be prepared by suspending an angiostatic steroid in a 
hydrophilic base prepared from a combination of, for example, Carbopol® 940 
(a carboxyvinyl polymer available from the B.F. Goodrich Company) according 
to published formulations for analogous ophthalmic preparations. 
Preservatives and tonicity agents may also be incorporated in such gel 
formulations. The specific type of formulations selected will depend on 
various factors, such as the angiostatic steroid or its salt being used, and 
the dosage frequency. Topical ophthalmic aqueous solutions, suspensions, 
ointments and gels are the preferred dosage forms. The angiostatic steroid 
will normally be contained in these formulations in an amount of from about 
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0 005 to about 5.0 weight percent (wt.%). Preferable concentrations range 
from about 0.05 to about 2.0 wt.%. Thus, for topical administration, these 
formulations are delivered to the surface of the eye one to four tines per 
day, depending upon the routine discretion of the skilled clinician. 

In addition, antiinflammatory compositions of glucocorticoids can 
contain one or more angiostatic steroids of the present invention, preferably 
tetrahydrocortisol. These compositions will contain one or more 
glucocorticoids in an antiinflammatory effective amount and will contain one 
or more angiostatic steroids of the present invention in an amount effective 
to inhibit the IOP elevating effect of the glucocorticoids. The amount of 
each component will depend on various factors, such as the relative tendency 
of certain glucocorticoids to cause IOP elevations, the severity and type of 
ocular inflammation being treated, the estimated duration of the treatment, 
and so on. In general, the ratio of the amount of glucocorticoid to the 
amount of angiostatic steroid on a weight to weight basis will be in the range 
of 10-1 to 1:20. The concentration of the glucocorticoid component will 
typically be in the range of about 0.01% to about 2.0% by weight. The 
concentration of the angiostatic steroid component will typically be m the 
range of about 0.05% to about 5.0% by weight. 

The above-described active ingredients may be incorporated into various 
types of systemic and ophthalmic formulations. For example, for topical 
ocular administration, the active ingredients may be combined with 
ophthalmologicallyacceptablepreservatives, surfactants, viscosity en ancers, 
buffers, toxicity agents and water to form an aqueous, sterile ophthalmic 
suspension. In order to prepare sterile ophthalmic ointment formulations, the 
active ingredients are combined with a preservative in an appropriate vehicle, 
such as mineral oil, liquid lanolin, or white petrolatum. Sterile ophthalmic 
gel formulations may be prepared by suspending the active ingredient In a 
hydrophllic base prepared from the combination of Carbopol® 940 (a.carboxy 
vinyl polymer available from the B.F. Goodrich Company) according to published 
formulations for analogous ophthalmic preparations; preservatives and tonicity 
agents can also be incorporated. The specific type of formulation selected 
will depend on various factors, such as the severity and type of ophthalmic 
inflammation being treated, and dosage frequency. Ophthalmic solutions 
suspensions, ointments and gels are the preferred dosage forms, and topical 
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application to the inflamed ocular tissue is the preferred route of 
administration. 

The following examples illustrate formulations and synthesis of 
compounds of the present invention, but are in no way limiting. 

Example 1 

The topical compositions are useful for controlling ocular hypertension 
or controlling ocular neovascularization. 



Component 



wt.% 



Angiostatic Steroid 0.005-5.0 

Tyloxapol 0.01-0.05 

HPMC °- 5 

Benzalkonium Chloride °- 01 

Sodium Chloride °- 8 

Edetate Disodium °- 01 
NaOH/HCl P H 1A 

Purified Water «M- 100 mL 

Example 2 



The composition is useful for controlling ocular hypertension. 
Component 

21-Nor-50-pregnan-3«,17«,2O-triol 1.0 

Tyloxapol 
HPMC 

Benzalkonium Chloride 
Sodium Chloride 
Edetate Disodium 
NaOH/HCl 
Purified Water 



0.01-0.05 
0.5 
0.01 
0.8 
0.01 

q.s. pH 7.4 
q.s. 100 mL 
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Thc above nation ., prepared by first Placin* . portion of the 

a beaker and heating to 90 u 
purified water Into a beaker ^ ^ 

hydroxypropylmethylcellulose (HPHC) Is men ao s dispersed. 

autoclavin, 1» a vessel having a liquid Inlet and a hydrophob.c, stenle a,r 
vent filter. 

The sodium chloride and the edetate disodlu. are then added to a second 
portion of the porified water and dissolved. The benzalkonnm. chlonde 
ST ded to the solution, and the pH of the solution is justed to 7.4 „,th 
oTm NaOH/HCl. The solution is then sterilized by means of f,ltrat,.n. 

ttWW^WW" 1s sterilized by either dr, heat or 
ethyle e oxide If ethylene oxide sterilization is selected, aeration for t 
Tzt 72 hours at 50°C. is necessary. The sterilized stero,d ,. weigh d 
tically and pUced 1nt. a pressurized ballmill container. The tyloxapol, 
n^ eZls solution for., is then added to the ballmill container. 
«r zLd^es balls ere then added to the container and the contents of t e 
Gainer m milled aseptically at 225 rpm for 16 hours, or until all 
particles are in the range of approximately 5 microns. 

Under aseptic conditions, the micronized drug suspension formed by means 
of the preceding step is then poured int. the HPMC solution w,th m,x,ng. The 
blllmill container and balls contained therein are then rinsed with a portion 
":^s "containing the sodium chloride, the edetate disodium - 
benzalkomu. chloride. The rinse is then added asept,c.l y to the WHC 

ion. The final volume of the solution is then adjus ted w, P un 
water and, if necessary, the pH of the solution ,s adjusted to pH 7.4 w,th 
HaOH/HCl. 
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The following formulation is representative of the antiinflammatory 
compositions of the present invention. 



Proponent 

4,9(ll)Pregnadien-17«,21-diol-3,20- 
dione-21-acetate 



wt.% 
1.0 



0.5 
0.01 
0.8 
0.01 



Dexamethasone o.Ol to 0.05 

Tyloxapol 
HPMC 

Benzalkonium Chloride 
Sodium Chloride 

Edetate Dlsodi™ ? „ 

Ni " ,H / HC, 100 nL 

Purified Water 

The above formulation is prepared in the same manner set forth in 
Example 2, sterilizing and adding the dexamethasone to the steroid before 
placing both into a pressurized ballmill container. 

Fxample 4 

The following formulation is another example of the antiinflammatory 
compositions of the present invention. 

wt.% 

u . -, l-° 
Tetrahydrocortisol ^ 

Prednisolone Acetate ^ ^ ^ 

Tyloxapol 05 

HPMC 



0.01 
0.8 
0.01 

q.s. pH 7.4 
,...100.1. 

Purified Water 



Benzalkonium Chloride 
Sodium Chloride 
Edetate Di sodium 
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The above formulation is prepared in the same manner set forth in 
Exampl 2, sterilizing and adding the prednisolone acetate to the sterol 
before placing both into a pressurized ballmill container. 

The following formulations are representative of compositions used for 
the treatment of angiogenesis dependent diseases. 

fyamole 5 

FORMULATION FOR ORAL ADMINISTRATION 

Tafalet io-1000 mg of angiostatic steroid with inactive ingredients such 
as starch, lactose and magnesium stearate can be formulated 
according to procedures known to those skilled in the art of 
tablet formulation. 

Example 6 

FORMULATION FOR STERILE INTRAOCULAR INJECTION 



each mL contains: 

Angiostatic Steroid 10 - 100 rag 

Sodium Chloride 7 * 14 mg 

Potassium Chloride °* 38 mg 

Calcium chloride dihydrate °- 154 m 3 

Magnesium chloride hexahydrate °- 2 m 9 

Dried sodium phosphate °* 42 m9 . 

Sodium bicarbonate 2.1 mg 

„ J 0.92 mg 
Dextrose 

Hydrochloric acid or sodium hydroxide 
to adjust pH to approximately 7.2 
Water for injection 
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Example 7 

FORMULATION FOR TOPICAL OCULAR SOLUTION 

21-Nor-5«-pregnan-3«,17«-20-triol l-« 
-3-phosphate 

Benzalkonium chloride °- 01% 

HPMC °- Sy ' 
Sodium chloride °' 8% 
Sodium phosphate 
Edetate di sodium 
NaOH/HCl 



0.28% 
0.01% 

q.s. pH 7.2 



Purified Water I-*- 100 mL 

Example 8 

FORMULATION FOR TOPICAL OCULAR SUSPENSION 

Ingredient fWt ' %) 

4,9(ll)-Pregnadien-17a,21- 1,0 
diol-3,20-dione-21-acetate 

. , 0.01 to 0.05 
Tyloxapol 

HPMC 0,5 

Benzalkonium chloride. °- 01 

Sodium chloride 0,8 

Edetate Di sodium 0,01 

NaOH/HCl *' s ' pH 7A 

Purified Water <»- s - 100 mL 

The formulation is prepared by first placing a portion of the purified 
water into a beaker and heating to 90°C. The hydroxypropyl methyl cellulose 
(HPMC) is then added to the heated water and mixed by means of vigorous vortex 
stirring until all of the HPMC is dispersed. The resulting mixture is then 
allowed to cool while undergoing mixing in order to hydrate the HPMC. The 
resulting solution is then sterilized by means of autoclaving in a vessel 
having a liquid inlet and a hydrophobic, sterile air vent filter. 
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The sod*, chloride and the edetate disodium are then added to a second 
■ % «1 nurifled water and dissolved. The benzalkonium chloride is 
CZSZ: "2uZZ the P H of the solution Is adjusted to ,4 w « h 
Tm NaOH/HCl. The solution 1s then sterilized by means of filtration. 

The 4, 9 (ll)-Pregnad1en-l7a,2l-d1ol-3,il0-d1one. 2 l-acet.te is sterilized 

by either dnr h at or ethylene oxide, .f ethylene oxide sterlllzati n 
by eitner ory necessary. The sterilized 

!„o placed into a pressurized ballmill container. The tyloxapol, in 
timed a,ueous solution for., 1s then added to the ballmll, I container 

glass balls are then added to the container and the contents of 
centner are milled asept.cally at 22 5 rpm for 16 hours, or until all 
particles are in the range of approximately 5 microns. 

Under aseptic conditions, the micronized drug suspension formed by means 
of the preceding step 1s then poured Into the HPHC solution with mixing. The 
confer and balls contained therein are then rinsed with a portion 

S amount, in this Instance, the phrase "therapeutically effective 
Z " mel an amount which is sufficient to substantially present or 
reverse any ocular neovascularization. The dosage regimen used will depen 
Tthe nature of the neovascularization, as well as various other factors such 
as the patient's age, sex, weight, and medical history. 

pxamole 9 
FORMULATION FOR ORAL ADMINISTRATION 

Tablet: 

5-100 mg 21-Nor-5/»-pregnan-3<x-17cc-20-triol with inactive 
ingredients such as starch, lactose and magnesium stearate can be 
formulated according to procedures known to those skilled in the 
art of tablet formulation. 
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Example 10 

Formulation for Sterile Intraocular Injection 
each mL contains: 



4,9(ll)-Pregnadien-17«,21-diol-3,20-dione 10-100 mg 

Sodium Chloride 7.14 mg 

Potassium Chloride 0.38 mg 

Calcium chloride dihydrate 0-154 mg 

Magnesium chloride hexahydrate 0.2 mg 

Dried sodium phosphate 0.42 mg 

Sodium bicarbonate 2.1 mg 

Dextrose 0.92 mg 
Hydrochloric acid or sodium hydroxide 
to adjust pH to approximately 7.2 
Water for injection 



Fvample 11 

Inhibition of angiogenesis in the rabbit corneal neovascularization 
model : 

The corneal pocket system of BenEzra (Am. J. Ophthalmol 86:455- 
461, 1978) was used to induce corneal neovascularization in the 
rabbit. A small Elvax pellet containing 0.5/ig of 
lipopolysaccharide (LPS) was inserted into the middle of the 
corneal stroma and positioned 2.5 mm from the limbus. An 
additional Elvax pellet with or without 50/ig of angiostatic 
steroid was placed next to the LPS implant. The eyes were 
examined daily and the area of neovascularization calculated. 
Results after 8 days of LPS implantation are shown in Figure 1. 
THF - tetrahydrocortisol; A = 4,9(ll)-Pregnadien-17«,21-diol- 
3,20-dione-21-acetate; B = 4,9(ll)-Pregnadien-17«,21-diol-3,20- 
dione. As can be seen, A & B totally inhibited corneal 
neovascularization, whereas THF partially inhibited the 
neovascular response. 
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Example \l 

, , n „f i-butvldlphenylchlorosilane 1n 5 mL of dry 

DMF was added dropwise to • «1rr „ 2 3 (19 «,!) of 4- 

tetrahydrocrtUol-F (Steraloids No M _ 25 M ^ 

S A £r ■ o Sr » - - ^ «" 
(maintained with C0 2 - MeCN). After 

was allowed to warn, to 23°C overnight. 

was washed with brine, dried (NgSO,), 
g of a white foam. 

•««t hv flash column chromatography (400 g silicas 62.5 
This material was purified by flash ^ by B|Md 

to 70* ether/hexane) . The 3-siloxy is trated mi « d fractions 

actions, followed b Y * ethyl acetate/hexane. 

compound, 5.05 g iw.o/.;. 

recovery of unreacted tetrahydrocort^sol-F. 

£502242 

6H) and 7.7 (», 4H) (Ph a >- ( 9H t . Bu)i 1.07 

(s , ,„, «a-»); • «J * CM). 4.38 and 4.83 (A8, 
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7); 2L6 (C-19); ZSu& (Ms 3 C); 27.2 (C-6); 30.9 (C-2); (C-8); 34.1 (Me 3 £); 
34.8 (C-10); 35.2 (C-l); 36.2 (C-4); 39.7 (C-13); 4X1 (C-5); MJ. (C-9); 47.4 
(C-12); 5ZA (C-14); 67^ (C-ll); 68.9 (C-21); ZL1 (C-3); 89.8 (C-14); 127-8, 
129.8 . 132.8, 132.9, 135.7 . 135.8 (diastereotopic Ph 2 ); 208.8 (C-20). 
Underlined resonances showed inversion in the APT experiment. Assignments: 
E. Breitmaier, W. Voelter "Carbon-13 NMR Spectroscopy," 3d ed., VCH, 1987; pp. 
345-348. 

IR (KBr) 3460, 2930, 2860, 1720, 1428, 1136, 1113, 1070, 1039, 703 cm" 1 . 

This compound did not show a sharp melting point but turned to a foam at 80- 
100°C. Numerous attempts at recry stall izat ion failed. 

5fl-Preonan-ll fl. 17a. 21-triol -20-one 

A solution of PS03842 (0.91 g, 1.50 mmol) and thiocarbonyl diimidazole (1.05 
g, 5. 9. mmol) in 8 mL of anhydrous dioxane was refluxed under N 2 for 3.5 h. 
The cooled solution was partitioned between ether and water and the organic 
solution was washed with brine, dried (MgS0 4 ), filtered and concentrated. The 
residue was chromatographed (120 g Si0 2 , 35% EtOAc/hexane) giving 0.86 g (80%) 
of the imidazolyl thioester. 

A solution of 0.75 g (1.05 mmol) of this compound in 100 mL of anhydrous 
dioxane was added dropwise over 2.2 h to a rapidly stirred, refluxing solution 
of 1.6 mL (5.9 mmol) of Bu 3 SnH in 100 mL of anhydrous dioxane under N 2 . After 
a further 1 h at reflux, the solution was cooled, concentrated and the residue 
chromatographed (200 g Si0 2 , 9% EtOAc/hexane) giving 0.43 g (70%) of the 3- 
deoxy-21-silyl ether. This material was dissolved in 20 mL of methanol; 
Bu 4 NF 3H 2 0 (0.50 g, 1.6 mmol) was added, and the mixture was heated to reflux 
under N 2 for 4 h. The cooled solution was diluted with 2 volumes of EtOAc, 
concentrated to 1/4 volume, partitioned (EtOAc/H 2 0), and the organic solution 
was washed with brine, dried (MgS0 4 ), filtered and concentrated. The residue 
(0.40 g) was chromatographed (30 g Si0 2 , 40% EtOAc/hexane) to give 0.25 g 
(98%) of an oil. 

This oil was crystallized (n-BuCl) to afford 0.14 g of the title compound as 
a white solid, m.p. 167-170°C. 
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IR (KBr) : 3«3 (M. «*• ™" >« 5 ' U "' ^ ^ ^ 
MS (CI): 351 (M +1). 

21); 5.14 (s, 1H, OH-17). 

jMl. Calc'd for C 21 H 34 0 4 : C, 71.96; 
Found: C, 71.69; H, 9.66. 

frample 13 

n in n 2 5 ramol) was added to a stirred 
Sodi U »MHds (60*o,l disperse » » «. « - > ^ 
solution of tetri*ydrocort«ol-F (0.73 g, 8.0-J 3 ^ ^ 

concentrated. The residue « ♦ This »ter,el was 
a feathery white solid, m.p. 208-213 C. 

„ (KBr) : 3530, 34*. ««. » («• «• ^ ^ CB "- 

(d , «... 3H, Ml W W" * ^ % ' / r S / 1H , „.„,, 4.37 

Anal. Calc'd for C 23 H 38 0 5 : C. 70.01; H, 9.71. 
Found: C, 70.06; H, 9.76. 
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pvample 14 

Prapar ,Hon of M z taMa=M=msm=m> 

17 - i? i.t r ^i-?n-one-21-acetate. 

A solution of triphenylphosphln, (2.6 g, .0 .1) In 10 of toluene w« 
carefully added to a stirred solution of PS03842 (see Example 4) (1.75 g, .90 
« diphenylph.sphoryl azide ,2.2 10-2 -1) «• *«W 

Idicarbox^ate (1.55,1. 10.1) under K 2 , keeping the internal e»p 
below 35°C (exothermic). The solution was stirred for 1.2 h, then diluted 
„Uh ether, washed with water and brine, dried (MgSO ) f, tr* 
concentrated and the residue (9.5 g, oil) chromatographed 175 g Si0„ 1M 
EtOAc/hexane) giving 1-83 g of a viscous oil. 

A solution of 1.73 g of this Serial and 1.75 g (5.5 .1) of Bu NF 3H 0 in 
20 «L of methanol was refluxed under H z for 2.5 h. The en, < : prod (1^ 
o) was isolated with ethyl acetate and chromatographed (100 g S O,, 5M 
EtOAc/hexane) giving 0.60 , (56%) of a white semisolid. Tr,turat,on (4:1 
hexane-ether) gave 0.57 g (53%) of a solid. 

A stirred solution of 0.40 g of this material in 3 .1 of dry pyridine was 
treated with 0.3 mL of acetic anhydride and stirred overnight at 23 under 
H 2 . The fixture was quenched with 1 mL of methanol, stlrr* for 1 1. to. 
d luted with ether, washed with 1 H aqueous HC1 , water (unt, -»utr.l), b ine 
dried (NgS04), filtered and concentrated. The residue (0.41 g, oil) was 
cnrlZJed (35 , 5,0, 33* EtOAc/hexane, t. afford 0.33 , (76.) of the 
title compound as a white foam, m.p. 80-90°C (dec). 

IR (KBr) : 3505, 2927, 2866, 2103 (vs), 1721 (sh 1730), 1268, 1235 of. 

M (200 MHz 'H, CDC1 3 ): 50.92 (S, 3H, Me-18); 1.21 (s, 3H He-19); l.M.l 
Ml M7 (S, 3H, Ac)! 2.25 (s 1H, 0H-17); 2.74 <m, 1H, H-8); 3.97 (br s, 1H, 
H-3)i 4.31 (br s, 1H, H-ll); 4.94 (AB, 0-17, Av-60, 2H, H-21). 

SOU. Calc'd for C^O,: C, 63.72; H, 8.14; N, 9.69. 
Found: C, 63.39; H, 8.18; N, 9.45. 
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Example 15 

ma i7a ?i-tr1ol-20-one-2l-acetate (0.15 g, 
A solution of ^*^^i V '^" lBB 0.03 g of 10% Pd on C was 
0.35 _1) in 8 mL of absolute et anol conl j«« ^ ^ fntered and 

and concentrated to provide 58 mg of a solid. 

* i ton n 0 mL of dry pyridine, 0.20 mL of Ac 2 0, 23°C, 

tr r r r. ; rrrz .. — » - - - 

product as a white solid, m.p. 179-181°C. 

MS (CI, Isobutane): (H 1) - « pf). «. 391, 37., 348. 

1236 cm" 1 . 

m uoo 08,,= * ^ iis^ 
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H« Claim; 

I. A compound of the following formula: 



PCT/US92/10133 




Structure [B] 



Structure [A] 
wherein R, is H, 0-CH 3 or 0-C 2 H 5 ; 
d is p r-C„ double bond, C 9 -C u epoxy, H or CI, 

J Juiies .Ptl.n.11, suostituUd ~ - - ^ 

or ARYl is -^f^J^l^ el t 0 frM chior fl-rt-. 

brmtne, .W(C,-C •l"»xy(C, V . . r ^ be the 

-NHCOCH, and R Is hydrogen, alkyl (C, C,J. ° r P" > 

um or different, end R, is ARYL as herein defined, or alkyUVC,,). 



SUBSTITUTE SHEET 



PC17US92/10133 



WO 93/10141 

34 



n'^:^!^. C, », OR, occo,^, H, OH, C, 0, Rl0 
foras a second bond between positions C-16 end C-17; 

from 2 to 6; 

R Is H or forms a double bond with R lz ; 
R . 1s H, -0 or -OH; 

and R_ with Rj 0 forms a cyclic phosphate; 

is^n Injr fl 2 to e; and R u Is -V- W „-X- ( C„ 2 ,,S0 3 „, 

- r -(CK J ) ( -X'-(CH 2 )„-NR lA7 * or . s .. MCh of X lnd X' 1, 

wherein Y Is a bond or -0-, V is a bond. . . « 

a bond,-CO»(R„)-, *• *• J 5 ^ °' ^ „'/ f rom , to 4 

" r\ iC ^:X t LTmZi or I and R l7 ta k en 

carbon atoms optionally suhstuux monocyclic 

^r""^7Vr P^1-o S C^no, m,rpbo„no, 
heterocycle selected from py ,„„ wherei „ a 1kyl has 
thlomorpholino. plperazlno or M(lower)alkyl piperaz 
from 1 to 4 carbon atoms; n Is an Integer of r t ^ > ^ ^ 

^"to.a^lsone of the 

it r n xcn - and R 1s hydrogen or lower alkyl-(C r c 4 ), wixn ™e P 
or N(R 20 )S0 2 -, ana k 20 is n* * greater than 

that the total number of carbon atoms in R 20 and lCH 2 ; r 

10; or 

(2) -C0-C00H; or H _ 

(3) C0M(R a )CH(R 22 )C00H wherein R 21 is H and R,, is H. CH 3 , 

CH-COOH, -CH 2 CH 2 C00H, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 

-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 

or is CH 3 and R,, is H; 

or Ry and R 22 taken together are -CH 2 CH 2 CH 2 -, 
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or -N(R 21 )CH(R 22 )COOH taken together is -NHCH 2 CONHCH 2 COOH; and 

pharmaceutical ly acceptable salts thereof; 

with the proviso that except for the compound wherein R x is 0-CH 3 , R 2 and R 3 
taken together form a double bond between positions 9 and 11, R 4 and R 5 are 
s hydrogen, R 12 and R 14 taken together form a double bond between positions 4 
and 5, R 5 is «-F, R 9 is J-CH,, R 10 is cc-OH, R 13 and R 15 are =0 and R 23 is - 
0P(0)-(0H) 2 , R 13 is =0 only when R 23 with R 10 forms the above described cyclic 
phosphate. 

Rj 4 = C, q-Cj double bond, 0; 
» R 25 = C(R 15 )CH 2 -R 23> OH, 0R 26 , OC(=0)R 27 , R 26 , COOH, C(=0)OR 26 , 
CH0HCH 2 0H, CH0HCH 2 0R 26 , CHOHCH 2 OC(=0)R 27 , CH 2 CH 2 0H, 
CH 2 CH 2 0R 26 , CH 2 CH 2 0C(=0)R 27 , CH 2 CN, CH 2 N 3 , CH 2 NH 2 , 
CH 2 NHR 26 , CH 2 N(R 26 ) 2 , CH 2 0H, CH^, CH 2 0(C=0)R 27 , CH 2 0(P=0) (0H) 2 , 
CH 2 0(P-0) (0R 26 ) 2 , CH 2 SH, CH 2 S-R 26 , CH 2 SC(=0)R 27 , 
is CH 2 NC(=0)R 27 , C(-0)CHR 28 OH, C(=0)CHR 28 OR 26 , C(»0)CHR 28 0C(=0)R 27 or R 10 

and R 25 taken together may be =C(R 28 ) 2 , that is, an optionally 
alkyl substituted methylene group; 
wherein R 26 = C r C 6 (alkyl, branched alkyl, cycloalkyl, haloalkyl, aralkyl, 
aryl); R2 7 = R 26 + 0R 26 ; R2 8 = H, C1-C6 (alkyl, branched alkyl, cycloalkyl); 
20 excepted from the compounds of Structure [A] are the compounds wherein ^ is 
0-CH 3 or 0-C 2 H 5 ; 
R 2 is H or CI; 

R 3 is H, =0, -OH, -0-a1kyl(C r C 12 ), -0C(=0)alkyl (C r C 12 ) , -0C(-0)ARYL, 
-0C(=0)N(R) 2 or a-0C(=0)OR 7 , wherein ARYL is furyl, thienyl, pyrrolyl, or 

zs pyridyl and each of said moieties is optionally substituted with one or two 
(C r C 4 )alkyl groups, or ARYL is -(CH 2 ) f -phenyl wherein f is 0 to 2 and the 
phenyl ring is optionally substituted with 1 to 3 groups selected from 
chlorine, fluorine, bromine, alkyl (C r C 3 ), alkoxy(C r C 3 ), thioalkoxy-^-C,), 
C1 3 C-, F 3 C-, -NH 2 and -NHC0CH 3 and R is hydrogen, alkyl (C r C 4 ), or phenyl and 

so each R can be the same or different, and R 7 is ARYL as herein defined, or 
alkyl (C r C 12 ); 



or 



wherein R 2 and R 3 taken together are oxygen (-0-) bridging positions C-9 and 
C-11; or 

wherein 1^ and R 3 taken together form a double bond between positions C-9 and 
C-11; 

or R 2 is «-F and R 3 is 0-OHs 
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R B is H or CH 3 ; 
o is -0 or -OH; 

15 * ^ * rvclic phosphate; 

a bond, -0-, or -S-; each of X ana a of R and r 1? 

^-S.O,-, or -3(0,,. t«s ^ 

„ * lM r .1 W " f ™ 1 ^ "; ether „«, the n,tro,en ate* to 

«,th one hydroxyl or R l6 and R„ ° he terocycle selected fro- 

™ ' " "X « "~ .».-•«—» 

2 is a bond or -u-> 1 

following: . . s . s(0 )., -S(0) 2 -, -S0 2 N(R 20 )-> 

CD -R 19 -CH 2 C00H wherein R l9 is .11 is0 

10; or 

(21 -C0-C00H; or . » is h, CR,, - 

CHCO0H, - W"' - CH ^' - CH!SH ' ' k ^ " 
cJ-OH .herein IM" <• P****"* 1 ' 
or L U CH 3 and Is H; 
„r £ and ^ taken together are -CH 2 CH,CH 2 , 
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taken together is -NHCH 2 CONHCH 2 COOH; and 
or -N(R 21 )CH(R 22 )C00H taken tog 

pharmaceutical acceptabl * wnerein ^ is *-CH 3 , R 2 and R 3 

with the proviso that excep t g and n , R< and r 6 are 

taken together form a double bond between p ^ , 

hydrogen, R 12 and R 14 ^^^X« R 15 are =0 and R 23 is - 

and 5, R s is «-F f Rg « *- cl V R io 1 » h above desC ribed cyclic 

0P(0)-(0n) 2 , R 13 is =0 only when R33 wUh R 10 forms th 

STS- - the compounds of Struc^e W a, * — ^ 

and 3-d, 5-d isomers of tetranydroco ^ R> „ 

Rj is *-CH 3 , Ra is J-OH, R, is H, R. I H, R 13 « • . $ 0H; - 

.'. „ ,-H. R s is H, R t H «. *, » «• R « H J, H> «„ „, a 5 is H, 

K thy1testosterone, wherein R, , > ^ „ 

«■ 15 ^ "AM' ^ C-tos-n:. herein «, is M£ 
R M is C and R, s is >-0H, a.nyo ^ „ „.oh, 

nn^annmne propionate, w ere,n , , » CH ^ ^ ^ ^ 

WW>W» are V herein R, s />-CH 3 , WW *~ H > 

AXCOICW -*«*••*" lone w - # ^ . $ ^ 

R„ is .-CH S , Rjz snd R„ for. s , V »o » wWA. are 

tL. and Rjj is »-«. tes os ero n wh rein R /> . ^ ^ ^ 

H, R U and R„ Hm a id H(C lt , WM «. « H ' R '» " 

noretnandroUne, .herein R « CH (C < •> ■ « - „ c , and ^ 

R 12 is «-H, R 13 is =0, R,, is 0, and R 25 i. 



o 



2 



35 



, * n»\m 1 selected from the group consisting of: 
Z1 -Nor-5^pregnan-3«,17«,20 trio . n . 3K>17K , 20 .tnol-3-acetate; 

^ 1 ^ (D ^ , "lTtrt.lTp^« 21-Nor-5,- P regn-17(20,en- 
21-Nor-5«-pregnan-3«,17«,20 trio, v 20 -Acetamide-21-nor-5/l- 
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„ 173 20-triol; 21<*-Methyl -5fl-pregnan- 
one-21-acetate; ^-^^ 

*.U$. I*. 21-tetrol-20-o„e- ^^^i^^^lT^di-l * »-C*- 
3«J7«-diol;20(Carbethoxym^ 

pregn-17(20)en-3«-ol-3-acetate; « " . fl . 2 0-one-21-acetate; 

acid-3-acetate; 3fl-Azido-5/,-pregnan-ll/>, 17«, 
and 5^Pregnan-lI^17«,21-tHol-20-one. 

. - cuim 2 wh ich is 21-Mor-5^.pregnan-3«,l7«,20-triol 

3 . The compound of Claim Z wm te . 16 . (0 . met hyl ) malonate. 
and 21-Nor-5^pregn-17(20)-en-3«,16-diol-3 acetate 

* mno ocular hypertension associated with 

4 . A method for controlling ocular pnarraaceu tically 
primary open angle glaucoma which comprises administering 

effective amount of a compound of Claim 1. 

, a — - — n*. --jsT" r^r h a 

primary open angle glance*. ^ fro. tne group 

pharmaceutical!, effective amount of a el ^ ^_ 

consisting of: "-»^^ n ^^.l7(»)-*.lW1.1 , 

d,„l-3-acetaie, p , 2i«-Methyl-5p-pregnan-3«,ll/>, 17«, , " 

a-Kor-5.-pregnan-3« 1/1,20 tr o, ^^^^.n-Mt 1 

20(Carbethoxy»ethyl)tlno-21 nor »P P » / 2-Hydroxyethyl )-17fl- 

nuorophenyntMo-H-no^ 

„ethyl-5p-androst>n-3.,l «- » lWH rt*a*- 
MW-^*** O \tJ.5,pr^-l7(20)-en-3«-.l,l6-»cet1c 
W . P regn-17(20)en-3«-ol-3-acetate 21 m - tr1ol . M . one . 2 i.acet.te i 

andSp-Pregnan-llpM*^ ^n'l 0 . d1one . a . ac etate; 4-Androsten-3- 

l t 3,5(10)-estratnen-3,17^-dioi, n 
and Tetrahydrocortexolone. 
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6. The method of Claim 5 wherein the compound is 4, 9(11)-Pregnadien- 

17«,21-diol-3,20-dione-21-acetate. 

7 A composition for controlling ocular hypertension associated with 
primary open angle glaucoma comprising a pharmaceutical^ effective amount 
of a compound of Claim 1. 

8 A composition for controlling ocular hypertension comprising a 
pharmaceutical^ effective amount of a compound selected from the group 
consisting of: 21-Nor-50-pregnan-3«,17«,2O-triol-3-acetate; 21-Nor-5«- 
pregnan-3<*,17«,20-triol-3-phosphate; 21-Nor-5^-pregn-17(20)en-3«,16-diol ; 
21-Nor-5/J-pregnan-3«,17/*,20-triol; 20-Acetamide-21-nor-5^-pregnan-3« t 17cc- 
diol-3-acetate;3^Acetamido-5^pregnan-11^17«,21-triol-20-one-21-acetate; 

21-Nor-5cc-pregnan-3«,17^20-triol; 21oc-Methyl-5/J-pregnan-3«,ll/l, 17-, 21- 
tetrol-20-one-21 -methyl ether; 20-Azido-21-nor-5/5-pregnan-3«,17<x-d 1 ol ; 
20(Carbethoxymethyl)thio-21-nor-5^-pregnan-3«,17«-diol; 20- (4- 
Fluorophenyl)thio-21-nor-5^-pregnan-3cc ) 17a-diol; 16«-(2-Hydroxyethyl)-17/J- 
methyl-5^-androstan-3«,17«-diol ; 20-Cyano-21-nor-5/}-pregnan-3oc,17<x-d 1 ol ; 
17oc-Methyl-5^androstan-3«,17^diol;21-Nor-5^-pregn-17(20)en-3«x-0L ; 21-Nor- 
5/!-pregn-17(20)en-3oc-ol-3-acetate; 21-Nor-5*-pregn-17(20)-en-3<x-ol-16-acetic 
acid 3-acetate; 3^-Azido-5^pregnan-ll^ 17*. 21-triol-20-one-21-acetate; 
and5^Pregnan-113,17«,21-triol-20-one;4,9(ll)-Pregnedien-17«,21-diol-3,20- 
dione;4,9(ll)-Pregnedien-17«,21-diol-3,20-dione-21-acetate;4-Androsten-3- 
one-17^carboxylicacid;17«-Ethynyl-5(10)-estren-17^ol-3-one;17«x-Ethynyl- 

I, 3,5(lO)-estratrien-3>l7M1ol; 11-Epicortisol ; 17<x-Hydroxyprogesterone; 
and Tetrahydrocortexolone. 

9. The composition of Claim 7 wherein the compound is present at a 
concentration between 0.005 and 5.0 weight percent. 

10. The composition of Claim 8 wherein the compound is 4, 9(11)- 
Pregnadien-17«,21-diol-3,20-dione-21-acetate. 

II. The composition of Claim 8 wherein the compound is present at a 
concentration of between 0.005 and 5.0 weight percent. 
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comprising a therapeutically effective arou 
the following formula: 




?25 R| ?» 



Structure [B] 



Structure [A] 
wherein R t is H, 0-CH 3 or /l-C 2 H 5 ; 
d is F C a -C„ double bond, C 9 -C u epoxy, H or -CI, 

or ARYL is selected from chlorine, fluorine, 

optionally substituted with 1 to 3 groups se.ec 

u • „iv v ur c, alkoxy(C,-C,), thioalkoxy-(C r C 3 ), Cl 3 c , f 3 w , ™ 2 
bromine, alkyUq-C,), aixoxyi t 3 ; can bg ^ 

-NHCOCH, and R is hydrogen, alkyl (C r C 4 ), or pneny. 
same or different, and R 7 is ARYL as herein defined, or alkyl (C^), 
R- is H, CH 3 , CI or F; 

R^is H, OH, F, CI, Br, CH 3 , phenyl, vinyl or allyl, 

foras e «cond bond between positions C-16 and C-17; 

^-0„ rS-K), - -0-Ct-0.-W.C0* where t is en Integer fro. 
2 to 6; 

o is H or forms a double bond with R 12 ; 

14 
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R is H, =0 or -OH; 

and R 23 with R l0 forms a cyclic phosphate; 

- R - ha ;; th : ?;z de "«;, - -«(-»mcw» 

or wherein R !3 is -OH, O-C(-O) k„, ur ( , v „ 

wherein t is an integer fro. 2 to 6; and R u .s .Y-lOy.-X-.CH,). 50,11, 

herein V is . bond or -0-; V is . bond, - . or S 

a b.nd,-C0N(R ls ,-, -K(VC0, -0-. *• " ^ " «^ » ^ J 4 

or .1*1 W - ^ t „T or R lt and R,, tahen 
carbon atoms optionally sub tltnted « attache<1 forms a monocyclic 

rsr :r: ^. -tr:.; 

from 1 to 4 carbon atoms; n is an integer u. . . 

f ° ll0Win9: (1 ) -R -CH 2 C00H wherein R 19 is -S-, -S(0)-. -S(0) t -. -S0 2 N(R 20 ) ; , 
uift 1» ' andR is hydrogen or lower alkyl-^-C,); with the proviso 
or N(R 20 )S0 2 -, and ^ is nyu, y greater than 

that the total number of carbon atoms in R 20 and (CH 2 ) r is gr 

10; or 

(2) -CO-COOH; or 

(3) C0N(R 21 )CH(R 22 )C00H wherein R 21 is H and R 22 is H, CH 3 , -CH 2 C00H, 
-CH 2 CH 2 COOH, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 

-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 

or R 21 is CH 3 and R 22 is H; 

or R 2l and R 22 taken together are -CH 2 CH CH 2 - ; 

or -N(R 21 )CH(R 22 )C00H taken together is -NHCH 2 CONHCH 2 C0OH, 
pharmaceutically acceptable salts thereof; 

with the proviso that except for the compound wherein R -CH R 2 and R 

taken together form a double bond between positions 9 and 11, R 4 and R 6 are 
taken together ^ ^ bond betwfien p0Sltl0ns 4 

hydrogen, R 12 and R taken tog ^ =q ^ . $ _ 

and 5, R 5 is -F, Rg is -CH 3 , 10 ^^e above described cyclic 

0P(0)-(0H) 2 , R 13 is =0 only when R 23 with R 10 forms the 

phosphate; 

r c c C-Co double bond, 0; 

t - W-^. OH, 0R, 6 , OC<-0,R„, «». COOH, C(.0)0R !6 , 
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C(=0)CHR 28 0C(=0)R 27 or R 10 and opti onally 
p taken together may be -CtR^, that is, 
aAyl substituted methylene^ group; 

wherein R 26 - Crf. (.1*. ^^^^branched .1*1. cycloalkyl); 
aryl); R 27 - R 26 + ot W' "» " [A] are the compounds wherein R x is 
excepted from the compounds of Structure W 



0-CH 3 or )5-C 2 H 5 ; 



RziSH ° r n ifcvHC-C) -0C(-0)alkyl(C r C 12 ), -0C(=0)ARYL, - 

0C(=0)N(R) 2 or «-0C(«0)0R 7 where in AR n f ^ ^ ^ ^ ^ 

pyrid yl and each of ^ ^ ^ f is 0 to 2 and the 

(C r C 4 )alkyl groups, or ARYL is - (CH), P«JW seiected fmn 

henyl ring is optionally ^ ««»(^. 

chiorine, ferine bromine or phenyl and 

C1 3 C-, F 3 C, -NH 2 and -NHC0CH 3 and R is ny g or 
each R can be the same or different, and R 7 is 
alkyl(C x -C 12 ); 

Lrein , - B 3 Uten t^er are «P H» M - 

- °3 — *~ *» ' — ~ — P0SW ° nS C " ^ 

or i S cc-F and R, is J-OH; 
or R, is «-Cl and ^ is 0-C1; 

R 6 is H or CH 3 ; 

s u H , t s : * « . — - — c - 16 and c ' 17! 

from 2 to 6; 
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R 14 is H or forms a double bond with R 12 ; 
R is =0 or -OH; 

and R„ with R l0 forms a cyclic phosphate; 



or wherein R 23 is -OH, 0-C(,-uj k u , " v i \ z 

bond, -0-, or -b-, eacn «> , R d R 

«^ crn .-• R is hydrogen or altcyl (C^), eacn ot k 16 *"» v 

f%l . to' 4 carton .t- t««H» 
1S a lower ainyi gruu H toq ether with the nitrogen atom to 

with one hydroxyl or R 16 and R 17 taken toge ^ er $elected from 

u,Mrh each is attached forms a monocyclic heterocycie 

id no oioeridino, morpholino, thiomorpholino, piperazino or 
pyrrolidine, pipenomo, v r . $ an 

following: -.^ _ .$o„N(R„.)-, 

(1) -R- CHX00H wherein R 19 is -S-, -S(0)-, -S(0) 2 , w^iy > 

1 ' 19 2 i .ii/wi /r .r )• with the proviso 

u / n xen • and R is hydrogen or lower alkyl-(C r L 4 j , wnn w 
or N(R 20 )S0 2 -, and k 20 nyu y greater than 

that the total number of carbon atoms in R 20 and (CH 2 ) r is nox g 

10; or 

(2) -C0-C00H; or „ 

(3) C0N(R 21 )CH(R 22 )C00H wherein R 21 is H and R 22 is H, CH 3 , -CH 2 C00H, 

-CH 2 CH 2 C00H, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 
-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 
or R 21 is CH 3 and R 22 is H; 
or R-, and R, 2 taken together are -CH 2 CH 2 CH 2 -; • 

or -MClJSlWCOOH taken together is -NHCH 2 CONHCH 2 C0OH, 
pharmaceutically acceptable salts thereof; 

with the proviso that except for the compound wherein R i I CH, , * 2 and 

taken together form a double bond between positions 9 and 11, R 4 and R are 
taken togetner bond betwfien p0Sltl0ns 4 

hydrogen, R 12 an R ak • ^ and R 15 are -0 and R 23 is - 

and 5, R 5 is -F. R, is fi-CH R 10 i 3 » cyclic 

0P(0)-(0H) 2 , R 13 is =0 only when fl* with R 10 forms 

phosphate; Wrilptlire rA1 are the compounds 3,11 P, 

also excepted from the compounds of Structure [AJ 
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3-beta, 5-alpha; ^ „, r ,» H, R 13 is 

herein R, 5 is -0, R, 1s « OH V * « ' ' ■ „ „, ^ „ C , and 
« or 0 OH, R w is H, R u is « or * H, R s «. t 
R23 Is OH. 

.< . treating neovascularization, 

»- * -T"- S in - -*-««« sterol, 

prising: a therapeutically effert ' M . 3 „ iI> , 20 . t Ho 1 -3- 
se lected fro. the group cons, ti n, of . J r J aMfnp ,. 
acetate; 2 l-Nor-5.-pregnan-3«,17«,20 tnol P 0 . AcetM , ide . 2I .„ or . 

5 M regnan-3«,17«-diol-3 20 . tr io1;21«-Hethy1-5/>-pregnan- 
20-one- 2 l-acetate; 2 l-Kor- 5 «-pregnan-3«.17*,2C pregI , an . 

3.,17-dl.l ; 2 o(Carbethoxyn»thyl )th,o 21 nor V P g , , 

mth yl-5^androstao-3«,17«-d ol , « ^ 7(2 o )e „-3«-OL i2 l-Nor- 

O^-^TT^l t. INrr-W-P^n-n^-en^-ol-lS-acetic 
5p-pregn-17(20)en-3«-ol-3-acetate, »or p p e . 2 ,. acetatei 

acid 3-acetate, 3^ te ido-5^pregnan-ll/>, 17«, ^ 

Itlsol; 17-Hydroxyprogester.ne; 

l,3,5(10)-estratnen-3,17^-aioi, n 
and Tetrahydrocortexolone. 

„f Claim 12 wherein the angiostatic steroid 
14. The composition of Claim ic 

concentration is 0.01 - 10.0 wt.%. 

The composition of Claim 14 wherein the concentration is 0.1 - 5.0 

A method for preventing and treating neovascularization which 
: administering a therapeutically effective amount of the 



15. 
wt.%. 



16. 

comprises: 
composition of Claim 12. 
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17. The method for preventing and treating neovascularization which 
comprises: administering a therapeutically effective amount of the 
composition of Claim 13. 

18. The method of Claim 16 wherein the neovascularization being 
prevented and treated is selected from the group consisting of head trauma, 
spinal trauma, septic or traumatic shock, stroke, hemorrhagic shock, cancer, 
arthritis, arteriosclerosis, angiofibroma, arteriovenous malformations, 
corneal graft neovascularization, delayed wound healing, diabetic 
retinopathy, granulations, burns, hemangioma, hemophilic joints, 
hypertrophic scars, neovascular glaucoma, nonunion fractures, Osier-Weber 
Syndrome, psoriasis, pyogenic granuloma, retrolental fibroplasia, 
scleroderma, solid tumors, trachoma, vascular adhesions, and solid tumor 
growth. 

19. A method for preventing and treating ocular neovascularization, 
which comprises: administering a therapeutically effective amount of the 
composition of Claim 12. 

20. A method for preventing and treating ocular neovascularization, 
which comprises: administering a therapeutically effective amount of the 
composition of Claim 13. 

21. The method of Claim 19 wherein the angiostatic steroid 
concentration is 0.01 - 10 wt.%. 

22. The method of Claim 19 wherein the angiostatic steroid 
concentration is 0.1 to 5.0 wt.%. 

23. The method of Claim 19 wherein the ocular neovascularization being 
prevented and treated is in the front of the eye. 

24. The method of Claim 19 wherein the ocular neovascularization being 
treated is in the cornea. 
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25 The method of Claim 19 wherein the ocular neovascularization being 

prevented and treated is in the back of the eye. 

26 . The method of Claim 17 wherein the angiostatic steroid is 4,9(11)- 
Pregnadien-17a,21-dio1-3,20-dione-21-acetate. 

27. The method of Claim 17 wherein the angiostatic steroid is 4,9(11)- 
Pregnadi en- 17a, 21-di ol -3 , 20-di one . 

2 8 The method of Claim 17 wherein the angiostatic steroid is 
administered at a concentration of about 0.01 to 10.0 weight percent. 

29 The method of Claim 17 wherein the angiostatic steroid is 
administered at a concentration of about 0.1 - 5.0 weight percent. 

30. A method for preventing and treating neovascularization of the 
tissues in the front of the eye, which comprises: administering a 
phannaceutically effective amount of a composition of Claim 13. 

31. The method of Claim 30 wherein the angiostatic steroid is 4,9(11)- 
Pregnadien-17a,21-diol-3,20-dione-21-acetate. 

32. The method of Claim 30 wherein the angiostatic steroids is 4,9(11)- 
Pregnadien-17a,21-diol-3,20-dione. 

33 The method of Claim 30 wherein the angiostatic steroid is 

administered at a concentration of about 0.01 to 10.0 weight percent. 

34. The method of Claim 31 wherein the concentration is about 0.1 - 5.0 
weight percent. 



35. 

cornea. 



The method of Claim 30 wherein the tissue being treated is the 



36 A method for preventing and treating neovascularization of the 

tissues of the back of the eye, which comprises: administering a 
pharmaceutical^ effective amount of a composition of Claim 13. 
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37. The method of Claim 36 wherein the angiostatic steroid is 4,9(11)- 
Pregnadien-17a,21-diol-3,20-dione. 

38. The method of Claim 36 wherein the angiostatic steroid is 
administered at a concentration of about 0.01 to 10.0 weight percent. 

39. The method of Claim 38 wherein the angiostatic steroid is 
administered at a concentration of about 0.1 to 5.0 weight percent. 

40. The method of Claim 36 wherein the tissue being treated is the 
retina or the subretina. 

41. The method of Claim 36 wherein the tissue being treated is the 
macula. 

42. The method of Claim 36 wherein the tissue being treated is the 
optic nerve head. 

43. A pharmaceutical composition useful in the treatment of ophthalmic 
inflammation, comprising: an antiinflammatory effective amount of a 
glucocorticoid and an intraocular pressure controlling amount of an 
angiostatic steroid of the formula: 

ft, fc» R, ?» 





Structure [B] 



Structure [A] 
wherein R x is H, 0-CH 3 or 0-C 2 H 5 ; 

is F, C g -C n double bond, C 9 -C n epoxy, H or CI; 
R is H, OR,,., 0C(=0)R 27 , halogen, C 9 -C u double bond, C g -C u 
0-alkyKC^), -OC(-0)alkyl(C r C 12 ), -OC(=0)ARYL, -0C(=0)N(R) 2 or 



epoxy, =0, -OH, 
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bromine, alkyl(C r C 3 ), rtWlh 3 J R can be the 

-NHC0CH 3 and R is hydrogen, alkyl (C r C 4 ), or phenyl 
same or different, and R 7 is ARYL as herein defined, or alkyKC, C 12 ), 
R, is H, CH 3 , CI or F; 

R 5 is H, OH, F, CI, Br, CH 3 , phenyl, vinyl or allyl; 

WW WC(*. H, OH, CH 3 , F, =CH 2 , CH 2 C(=0)0R 28 ., 0R 26 , 

T^'^Z^^ «■ H 3 , 0R 26 , OC^, H, OH, CH 3 or R 10 
forms a second bond between positions C-16 and C-17; 
R is H or forms a double bond with R x or R 14 ; 

S halogen, OR*. 0C(=O,R„, NH 2 , N HR !t , NHCCO.R,,, N.R,., (- «, 
H, -OH, =0, -0-Pt-OKOH),, or ,0-C(=0)-(CH I ) t C00H where t is an mteger 

from 2 to 6; 

R„ is H or forms a double bond with R I2 ; 
Rj S is H, -0 or -OH; 

and Rjj with R 10 forms a cyclic phosphate! 
wherein R. and R 15 have the meaning defined above; 

or Wherein R, 3 Is -OH, 0-C ( =0,-R u , -0P(0)-(0H, or -O-C -O t C00H 
wherein t is an integer from 2 to 6; and R n 1s -V-(CH 2 )„-X-(CH 2 ),-S0,H, 
-Y'-(CH 2 ) -X'-tCHj),^,, or -Z(CH 2 ) r Q, 

wherein Y is a bond or -0-; V is a bond, -0-, or -S-; each of X and X 
r ™ ,-C0H(R u )-, -NtVCO-, -0- -S(0)-. »r -S(0 2 )-; R, s s by ro e 
or alky! (C.-C.,, each of R« and R, 7 is a lower alky, group of from IUA 
carbon atoms optionally substituted with one hydroxyl or R^ and R„ taken 
Aether with L nitrogen atom to which each is attached forms a monoc, 1c 
heterocycle selected from pyrrolidino, pipendnno, «W«. 

omorpholluo, pipeline or Htlowerl.lkyl-piperazlno where;n alkyl ha 
f to 4 carbon atoms; n 1s an Integer of from 4 to 9 ; m 1s an .teg f 
from 1 to 5; p 1s an integer of from 2 to 9; g 1s an Integer of from 1 to , 
TZ a bond or -0-; r 1s an Integer of fro. 2 to 9; and Q is one of the 
following;^ ^ ^ ^ ^ $ ^ _ 



SUBSTITUTE SHEET 



WO 93/10141 PCT/US92/10133 

49 

or N(R 20 )S0 2 -; and R 20 is hydrogen or lower alkyl -(C,-C 4 ); with the proviso 
that the total number of carbon atoms in R 20 and (CH 2 ) P is not greater than 
10; or 

(2) -C0-C00H; or 

(3) C0N(R 21 )CH(R 22 )C00H wherein R 21 is H and R 22 is H, CH 3 , - 
CH 2 C00H, -CH 2 CH 2 C00H, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 

-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 

or R 21 is CH 3 and R 22 is H; 

or R 21 and R 22 taken together are -CH 2 CH 2 CH 2 -; 

or -N(R 21 )CH(R 22 )C00H taken together is -NHCH 2 CONHCH 2 COOH; and 

pharmaceutical^ acceptable salts thereof; 

with the proviso that except for the compound wherein Rj is 0-CH 3 , R 2 and R 3 
taken together form a double bond between positions 9 and 11, R 4 and R 6 are 
hydrogen, R 12 and R 14 taken together form a double bond between positions 4 
and 5, R 5 is «-F, Rg is 0-CH 3 , R 10 is «-0H, R 13 and R 15 are =0 and R 23 is - 
0P(0)-(0H) 2 , R 13 is =0 only when R 23 with R 10 forms the above described cyclic 
phosphate. 

R 24 = C, C r C 2 double bond, 0; 

R 25 = C(R 15 )CH 2 -R 23 , OH, 0R 26 , 0C(=0)R 27 , R 26 , C00H, C(=0)0R 26 , 
CH0HCH 2 0H, CHOHCH 2 OR 26 , CHOHCH 2 OC(=0)R 27 , CH 2 CH 2 OH, 
CH 2 CH 2 0R2 6 , CH 2 CH 2 0C(=0)R 27 , CH 2 CN, CH 2 N 3 , CH 2 NH 2 , 
CH 2 NHR 26 , CH 2 N(R 26 ) 2 , CH 2 0H, CH 2 0R 26 , CH 2 0(C=0)R 27 , CH 2 0(P=0) (0H) 2 , 

CH 2 0(P=0) (OR 26 ) 2 , CH 2 SH, CH 2 S-R 26 , CH 2 SC(=0)R 27 , 
CH 2 NC(=0)R 27 , C(=0)CHR 28 0H, C(=0)CHR 28 0R 26 , C^OJCHiyjC^OR^ or R 10 
and R 25 taken together may be =C(R 28 ) 2 , that is, an optionally 
alkyl substituted methylene group; 

wherein R 26 = C r C 6 (alkyl, branched alkyl, cycloalkyl, haloalkyl, aralkyl, 

aryl); R 27 = R^ + 0R 26 ; R^ = H, C1-C6 (alkyl, branched alkyl, cycloalkyl); 

excepted from the compounds of Structure [A] are the compounds wherein R x is 

0-CH 3 or 0-C 2 H 5 ; 

R 2 is H or CI; 

R 3 is H, «0, -OH, -0-alkyl(C r C 12 ), -0C(=0)alkyl (C r C 12 ) , -0C(=0)ARYL, 
-OC(=0)N(R) 2 or cc-0C(=0)0R 7 , wherein ARYL is furyl, thienyl, pyrrolyl, or 
pyridyl and each of said moieties is optionally substituted with one or two 
(C r C 4 )alkyl groups, or ARYL is -(CH 2 ) f -phenyl wherein f is 0 to 2 and the 
phenyl ring is optionally substituted with 1 to 3 groups selected from 
chlorine, fluorine, bromine, alkyl (C t -C 3 ), alkoxy(C r C 3 ), thioalkoxy-(C r C 3 ), 
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CI C- F C- -NH, and -NHC0CH 3 and R is hydrogen, alkyl (C r C 4 ), or phenyl and 
each R can be the same or different, and R 7 is ARVL as herein defined, or 

Ireln and R, taken together are oxygen (-0-) bridging positions C-9 and 
C-ll* or 

wherein R 2 and R 3 taken together form a double bond between positions C-9 and 
C-ll; 

or R 2 is oc-F and R3 is 0-OH; 
or R 2 is «-Cl and R 3 is 0-C1; 
and R 4 is H, CH 3 , CI or F; 

R s is H, OH, F, CI, Br, CH 3 , phenyl, vinyl or allyl; 
R 6 is H or CH 3 ; 

R^ 0 Ts H H, OH, CH 3 or £ forms a second bond between positions C-16 and C-17; 
R is -H or forms a double bond with R l4 ; 

R 12 is H, -OH, =0, -0-P(0)(0H) 2 , or -0-C(=0)-(CH 2 ) t C00H where t is an 

13 

integer from 2 to 6; 

R M is H or forms a double bond with R 12 ; 
R 15 is -0 or -OH; 

and with R 10 forms a cyclic phosphate; 
wherein R, and R 1S have the meaning defined above; 

or wherein R, 3 is -OH, 0-C(=0,-R u , -0P(0)-(0H) 2 , or -0-C<-0 -(CH 2 t C00H 
wherein t is an integer from 2 to 6; and R n is -Y-{CH 2 ) n -X-(CH 2 ) m -so 3 H,^ 
-Y'-(CH,) -X'-(CH 2 ) -NR 16 R 17 or -Z(CH 2 ) r Q, wherein Y is a bond or -0-; Y is 
a bond -0-, or -S-; each of X and X' is a bond,-C0N(R 18 )-, -N(R 18 )C0-, -0-, 
-S- -S(0)-, or -S(0 2 )-; R 18 is hydrogen or alkyl (C r C 4 ); each of R 16 and R 17 
1s a lower alkyl group of from 1 to 4 carbon atoms optionally substituted 
with one hydroxyl or R 16 and R 17 taken together with the nitrogen atom to 
which each is attached forms a monocyclic heterocycle selected from 
pyrrolidine, piperidino, morpholino, thiomorpholino, piperazino or 
N(lower)alkyl-pi P erazino wherein alkyl has from 1 to 4 carbon atoms; n is an 
integer of from 4 to 9; m is an integer of from 1 to 5; p is an integer of 
from 2 to 9; q is an integer of from 1 to 5; 

Z is a bond or -0-; r is an integer of from 2 to 9; and Q is one of the 
following.^ _ R ^_ CH ^ C00H wherein is _ s _ t . S (0)-, -S(0) 2 -, -S0 2 N(R 20 )-, 
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nr MR ISO - and R, n is hydrogen or lower al kyl - (C r C 4 ) ; with the proviso 
that thft^t^l: of carbon atoms in R 20 and (CH 2 ) r is not greater than 
10; or 

(2) -C0-C00H; or 

(3) C0N(R 21 )CH(R 22 )C00H wherein R 21 is H and R 22 is H, LH 3 , - 
CH 2 C00H, -CH 2 CH 2 COOH, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 , or 

-CH 2 Ph-0H wherein Ph-OH is p-hydroxyphenyl ; 

or R 21 is CH 3 and R 22 is H; 

or R and R„ taken together are -CH 2 CH 2 CH 2 -; 

Z «- »' ether is -^^ cm -' and 

pharmaceutical^ acceptable salts thereof; 

with the proviso that except for the compound wherein R, .s /I-CH 3 , R 2 and K 3 
taken together fom a double bond between positions 9 and 11, R, and I R, are 
hydrogen, R 13 and R„ tauen together for, a double bond between pos,t,ons 4 
and 5, R 5 is «-F, R, is p-CH 3 , R I0 is ~0H. R 13 and R are -0 an R - 
0P(0)-(0n) 3 , R 13 is =0 only when R, 3 with R u forms the aboue descried cyclic 
phosphate. 

44 The pharmaceutical composition of Claim 43, wherein the angiostatic 

steroid is selected from the group consisting of: Zl-Nor-S/J-pregnan- 
3oM7cc,20-triol-3-acetate; 21-Nor-5«-pregnan-3<x,17«,20-triol -3-phosphate; 
21-Mer-W-W-W20)w-3«,16-^ 

Aceta m ide-21-nor-5^pregnan-3«47«-diol-3-acetate;3^Acetamido-^ 
11^47«,21-triol-20.one-21-a C etate;21-Nor. 5 a-pregnan-3«47^20-tn 0 l,2«- 
M etnyl-5*-pregnan-3«,ll*, 17.. 21-tetrol-20-one-21-methyl ether; 20-Azi do- 
21-nor-5^pregnan-3oc,17a-diol; 20(Carbethoxymethyl)thio-21-nor-5^pregnan- 
3«,17«-diol;20-(4-Fluoro P henyl)thio-21-nor-5^pregnan-3«,17«-diol; 16«- 2- 
Hydroxyethyl)-17^-methyl-5/l-androstan-3 K ,17«-diol; 20-Cyano-2 -nor-5^- 

17(20)en-3«-OL; 21-Nor-5/Npregn-17(20)en-3«-ol-3-acetate; 21-Nor-5^pregn- 
17(20)-en-3oc-ol-16-acetic acid 3-acetate; 30-Azido-5/J-pregnan-ll/U 17« 2 - 
triol-20-one-21.acetate; and 5^Pregnan-11^17«,21-triol-20.one; 4 9 11 - 
Pregnedien-17<x,21-diol-3,20-dione; 4 t 9(ll)-Pregnedien-17« f 21-d,ol-3.20 
dione-21-acetate; 4-Androsten-3-one-17*-carboxylic acid; 17«-Ethynyl-5(1 - 
estren-17/l-ol-3-one; l7«-Ethynyl-l,3,5(l0)-estratr1en-3,l7Miol; 11- 
Epicortisol ; 17«-Hydroxyprogesterone; Tetrahydrocortexolone; and 
Tetrahydrocortisol . 
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c n ,4m A4 wherein the angiostatic 
«. The pha^aceutical - P0Si r s ; s f t 'tla^ccortucn n . 
ster oid is seiected fro. the group co ^ idtw . l7 ., 2l . d ,o1-3, 2 0-d1.n.; 

M (ll)-Pregnadien-17«,21-diol-3,20-dionezi 

■m™ n f Claim 45 wherein the angiostatic 
w . The pharmaceutical composmon of a,. , and 

increasing the patienx 

administering the composite of Claim 43. 

h+haimic inflammation without significantly 
* /T^: 90 — press.ro, which comprises: 
increasing the pateim. 
administering the composition of Claim 44. 

^a^e,n^. , ,a-.o,3,0..one ! MU1>- 
Pr ^adien-17«, 2 l-diol-3,20-dione- 2 l-aceta t e. 
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FIGURE I 

EFFECT OF ANGIOSTATIC STEROIDS 
ON CORNEAL NEOVASCULARIZATION 




Control THF A 

Treatment 
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